Summary
Introduction
During changes in posture, haemodynamic alterations occur that have been well documented 11, 21. Only recently, however, has the immediate heart rate response to standing been described in detail [3] and the autonomic mechanisms responsible elucidated [41. Less information is available about heart rate changes during the transition from the vertical to the horizontal position and, as far as we are aware, no studies have documented the immediate heart rate response during the transition from standing to lying down. The present study describes the normal immediate heart rate response to lying down, and an analysis of the autonomic mechanisms involved, using pharmacological autonomic blockade and a comparison with short periods of muscular activity and tilting.
Subjects
Three groups of subjects were studied.
Eighteen young normal male subjects aged 23-36 (mean 29) years, who were all healthy 0143-5221/82/010057-08$01.50/1 laboratory personnel: eight (all medical staff) underwent pharmacological studies, six performed short periods of muscular exercise, and four the tilting studies.
Ten older normal male subjects aged 48-67 (mean 56) years, who had attended a heart diseases prevention trial and had no clinical evidence of cardiovascular or respiratory disease.
Six male diabetic subjects aged 28-64 (mean 47) years, and duration of diabetes 11-33 (mean 19) years, with clinical features of autonomic neuropathy and abnormal autonomic function tests (abnormal responses to the Valsalva manoeuvre and sustained handgrip, postural hypotension and reduced R-R interval variation [5, 61). Five were insulin dependent and the sixth was being treated with chlorpropamide.
Methods

ECG recording technique
The technique of recording the ECG on to magnetic tape and replaying it later with accurate timing of successive R-R intervals has been described in detail previously [71.
Protocol of standing to lying manoeuvres
A standard 'standing to lying' manoeuvre was performed while a continuous ECG was recorded. Each subject stood still for 3 min, and then lay down on a couch (taking about 1 s) and remained supine for 2 min. The 'resting' values for R-R interval given in the results represent the mean of the 10 beats immediately before lying down. During the actual 'standing to lying' manoeuvres, the first 10 R-R intervals after starting to lie down and thereafter every fifth R-R interval up to 6 0 beats, were used in the analysis.
Pharmacological studies
Eight young normal subjects underwent pharmacological intervention studies on 2 different days: the detailed protocol has been described elsewhere (41. On the first day three control 'standing to lying' manoeuvres were recorded ('control 1')' and then intravenous atropine (atropine sulphate) was given and the manoeuvres repeated 15 min later. After a booster dose of intravenous atropine, intravenous propranolol (propranolol hydrochloride) was given and the manoeuvres were again repeated after a further 15 min. On the second day the 'standing to lying' manoeuvres were performed three times before ('control 27, and after intravenous propranolol alone. The results given represent the means of the three 'standing to lying' manoeuvres before autonomic blockade and after each drug. The dose of atropine used was 1 -8 mg (6.22 pmol) in the first four subjects and 0.03 mg/kg body weight in the other four, with a booster dose of atropine in all eight to bring the total atropine given to 3 . 0 mg. The dose of propranolol used was 10 mg (38.6 p o l ) in the first four subjects, and 0.25 mg/kg body weight in the other four subjects. The doses used have previously been shown to give adequate vagal and cardiac sympathetic blockade [8-111.
Comparison with muscular exercise
Six young normal subjects performed a 'standing to lying' manoeuvre, and then a short period (about 1 s) of maximum handgrip in three positions, lying, sitting and standing, while an ECG was recorded on to magnetic tape. The R-R intervals used for analysis were the first ten beats after each manoeuvre and each five beat interval thereafter up to 60 beats. The results given represent the means of three separate 'standing to lying' or handgrip manoeuvres in each position.
Comparison with tilting
Four young normal subjects underwent a series of tilting studies. Each subject performed a standard 'standing to lying' manoeuvre ('fast active'), and then repeated it by lying down as slowly as possible (taking 5-10 s) ('slow active'). The same subjects then lay quietly on a tilt table and were strapped on to avoid any active muscular movement during tilt. R-R intervals were recorded and analysed in the same way as the 'standing to lying' manoeuvres, while the subjects were tilted from the 80" head-up position to horizontal at two speeds. During 'fast tilt' the horizontal position was reached within 2-3 s, whereas during 'slow tilt' it took about 10 s. The results given represent the mean of three separate 'active' or 'tilting' manoeuvres.
Statistical analysis
Statistical comparison of the results was made initially with an analysis of variance technique to demonstrate interaction between the treatment groups and time. Having established that there were different responses with time in the groups, the results at each point in time were examined separately. A further analysis of variance was applied to determine whether there were dif-ferences in the treatment groups with respect to the R-R interval results at each point in time 121. Where appropriate, Student's paired r-test was applied to examine incremental differences. The R-R interval results are expressed in milliseconds as mean f SD. Table 1 and Fig. 1 show the mean R-R interval values obtained during the standing to lying manoeuvre in the eight young normal subjects before and after pharmacological intervention. The normal response (control 1 and control 2) consisted of an immediate shortening of R-R interval over the first three or four beats after lying, followed by a lengthening of R-R interval back past the original resting level between beats 10 and 15 and a continued lengthening of R-R interval to reach the highest level at approximately beats 25-30. Thereafter the R-R interval remained relatively constant, with some slight fluctuations. Although the actual R-R intervals were slightly longer during the control 2 period, there were no statistically significant differences in the pattern of response during the two control periods, thus showing that in young normal subjects the manoeuvre is Immediate heart rate response to lying down before and after cardiac autonomic blockade in eight young normal subjects: group mean R-R interval measurements (ms) before and during the first 60 beats after lying down. Ewing repeatable on different days. After propranolol alone the R-R intervals lengthened, but the pattern of response was not significantly different from that of the control periods. There was a very different pattern after atropine alone, with no change in the R-R interval over the first 10 beats and thereafter a slow but steady lengthening of R-R interval over the next 40 beats. When additional propranolol had been given, the R-R interval remained unchanged for the first 10 beats, and thereafter there was a lengthening of R-R interval over the next 40 beats. This lengthening was significantly less between beats 10 and 35 than the 'atropine alone' pattern, with flattening of both curves after beat 50. Fig. 2 shows the mean R-R interval values during the standing to lying manoeuvre in ten older normal subjects. The pattern of response was similar to that observed in the young normal subjects. In contrast the pattern of response observed in six diabetic subjects with autonomic neuropathy was very similar to that in young normal subjects after combined blockade with atropine and propranolol. There was no change in R-R interval over the first 10 beats, followed by a small but steady lengthening of R-R interval over the next 40 beats. Immediate heart rate response to lying down in ten older normal subjects (0) and six diabetic patients with autonomic neuropathy (A): group mean R-R interval measurements (ms) before and during the first 60 beats after lying down. Beats after change
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FIG. 3.
Comparison of immediate heart rate response to lying down with short periods of maximum hapdgrip lying, sitting and standing in six young normal subjects: group mean R-R interval differences (ms) from the resting values.
with a shortening of R-R interval over the first four beats in all subjects and then a lengthening of R-R interval back to the resting level by beat 15. Thereafter the R-R interval remained relatively constant. The response during the 'standing to lying' manoeuvre was similar during the first 10
beats, but the R-R interval lengthening continued, reaching the highest level at approximately beat 25 and thereafter remained relatively constant (Fig. 2) . With use of an analysis of variance technique, there was a significant difference between the shape of the 'standing to lying' curve, and the three other curves. Table 2 and Fig. 4 show the comparisons between active lying down and passive tilting, done both rapidly and slowly, in four young normal subjects. During both active manoeuvres there was an initial shortening of the R-R interval, maximal by beat 3 with 'fast active', and by beat 7 with 'slow active', followed by a Beats after change
Comparison of the standing to lying response and tilting
FIG. 4.
Comparison of immediate heart rate responses to lying down and to tilting in four young normal subjects: group mean R-R interval differences (ms) from the resting values during the first ten beats after lying or tilting.
TABLE 2. Comparison of immediate heart rate response to lying down and tilting in four young normal subjects
Values given are group mean (+sD) R-R interval measurements (ms) before and during the first 60 beats after lying down or tilting. tilt' values at beats 4 and 8; the incremental values for 'slow active' were significantly different from 'slow tilt' at all of the first 10 beats except beat 2. There were no significant incremental differences between 'fast' and 'slow active'.
R-R interval (ms)
Comparison of R-R interval before and after the standing to lying manoeuvre
The mean difference between the resting R-R interval and the mean value of the R-R interval between beats 50 and 60 was calculated for the different groups. Control 1 (190 f 127), control 2 (175 f 100) and atropine alone (168 f 65) had similar values, whereas the values after combined atropine and propranolol (99 f 26), propranolol alone (102 f 117) and in the group with diabetic autonomic neuropathy (100 f 70) were considerably reduced, but to the same extent.
Discussion
This is the first detailed description of the initial heart rate responses during the transition from standing to lying down. A small, but characteristic, shortening of R-R interval occurs which is seen in all normal subjects and is maximal at the third or fourth beat after starting to lie down, followed by a lengthening of R-R interval beyond the resting level to reach a plateau around beats 25 to 30. Atropine completely abolishes the early part of the response. Thus the first 10 beats of the standing to lying manoeuvre are mediated by the vagus nerve, with an immediate withdrawal of vagal tone, followed by vagal reactivation which lengthens the R-R interval again after the third beat. Propranolol alone has no effect on the pattern of the response, confirming that the sympathetic nerves are not involved in the early part of the response.
Why does vagal inhibition and reactivation occur? During very brief periods of muscular exercise there is a rapid vagal withdrawal followed by an increase in vagal tone [13-151, and we postulated that the effects seen during the standing to lying manoeuvre might be due to a short period of muscular activity. Our results in the comparison of the heart rate response with that during short periods of muscular activity would seem to confirm this. During the first 10 beats the responses were very similar, and the position in which the muscular exercise was performed did not affect the heart rate response. We therefore conclude that not only are the first 10 beats of the heart rate response to lying down under vagal control, but that the characteristic heart rate pattern is due to the short period of muscular activity that takes place as the subject lies down.
Could an alteration of respiratory pattern on lying down explain these changes? This is unlikely as the variations in R-R interval are larger and more immediate than would be expected to occur with alterations in breathing pattern. Other authors [13, 141, using brief periods of muscular exercise, excluded respiration as a factor because of the rapid onset of the R-R interval changes without any change in the respiratory pattern. The tilting studies further confirm that the initial shortening of the R-R interval is due to the short period of muscular activity, as no R-R interval shortening occurred with passive tilting.
During the later part of the heart rate response there are differences between muscular exercise and lying down. After muscular exercise, the R-R interval returns to the resting level after 10-15 beats and thereafter remains relatively constant. During the standing to lying manoeuvre there is continued lengthening of the R-R interval until a plateau is reached at about beat 25. This later part of the heart rate response to lying down appears to be mediated by mechanisms other than vagal, and probably sympathetic influences play a major role. There is a constant and varying balance between cardiac sympathetic and vagal influences that determines the heart rate at any particular time or position [9, 16, 171. During quiet standing, sympathetic activity is increased, whereas during quiet rest in the supine position sympathetic activity is decreased and vagal activity is increased with a constant lengthened R-R interval and augmented sinus arrhythmia. On the transition from standing to lying, there is presumably a reduction in sympathetic activity and increase in vagal activity, which declares itself as a lengthening of R-R interval.
Further evidence for the sympathetic mediation of the later part of the immediate heart rate response to lying comes from an examination in the pharmacological study of the differences between the resting levels standing and the R-R intervals 50-60 beats after lying down. During the control manoeuvres and after atropine alone, R-R interval increments after 60 beats were similar, showing that this part of the response is not under the influence of the vagus. The values during propranolol alone and during combined blockade with propranolol and atropine were similar and reduced to about half of the control levels, suggesting that cardiac sympathetic nerves are normally involved in the later part of the standing to lying heart rate response, with a decrease in sympathetic activity during this period.
Why the resting R-R interval continues to lengthen a little, even after combined vagal and cardiac sympathetic blockade, has not been answered by this study. It may be due to a-receptor-mediated haemodynamic adjustments with peripheral vasoconstriction induced by posture and some intracardiac volumetric responsiveness, as seen in transplanted hearts, that is not dependent on autonomic nervous system activity [181. It is interesting that in subjects with diabetic autonomic neuropathy this is the only mechanism apparently functioning to modulate heart rate and underlies the assumption of cardiac denervation in diabetes, as suggested by Lloyd-Mostyn & Watkins [ 191.
Apart from changes in the actual R-R intervals lying and standing, there are differences between the 'standing to lying' and the 'lying to standing' heart rate responses. During the latter there is a shortening of R-R interval, which reaches a maximum around beat 15, in contrast to the maximum of the 'standing to lying' manoeuvre at the third or fourth beat. This is probably explained by initial vagal withdrawal during the 'lying to standing' manoeuvre over the first few beats with no immediate vagal reactivation (as muscle activity is continued during standing) and subsequent sympathetic activation occurring after beats 8 or 9 [141. This reaches a maximum around beat 15, and a blunted vagal reactivation occurs that reaches a maximum around beat 30. The sympathetic activity continues thereafter, producing a final shortening of R-R interval which is of roughly the same value as the final incremental changes observed during the 'standing to lying' manoeuvre. When the cardiac sympathetic nerves are blocked with propranolol, vagal activity is predominant. In this circumstance, during the 'lying to standing' manoeuvre, maximal R-R interval shortening occurs earlier (around the beat 10) and vagal reactivation is more evident, with a much smaller final incremental difference from the resting R-R interval, which is about the same as the incremental difference observed after propranolol in the 'standing to lying' manoeuvre. Re-examination of our previously published results [41 confirms this pattern. During continuous exercise, other authors have found that the maximum increase in the heart rate after autonomic blockade also occurred around 10 beats after starting the exercise 151. Thus continued muscle activity during standing and the different postures seem to be the two factors that explain the different heart rate responses during the 'lying to standing' and the 'standing to lying' manoeuvres.
As the heart rate response during the first 10 beats is completely abolished by atropine, and the pattern in the diabetic subjects with autonomic neuropathy is similar to that after cardiac autonomic blockade, it is possible that the immediate heart rate response to lying down could be adapted as a further test of vagal function.
